Abstract-In this paper, an analog voltage based maximum power point tracking (MPPT) algorithm for individual photovoltaic (PY) panel is proposed. The fixed voltage reference method is the simplest method for tracking, but it does not give good MPPT efficiency because the MPP voltage point changes at different solar insolation levels. A roughly linear slope is formed when connecting the MPP points measured from the highest isolation level to the lowest. Utilizing this characteristic, a bipolar junction transistor BJT is used to implement a variable voltage reference that improves the accuracy of the maximum power point voltage when the insolation changes. The proposed circuit is simple and easy to implement and it can easily track the maximum power point without the need of a digital controller or PID controller, so the cost and circuit complexity is reduced.
INTRODUCTION
[n recent years, using renewable energy such as wind, solar and fuel cell to generate electricity has been growing dramatically. Harvesting the maximum power form the photovoltaic (PV) module is carried out by inserting a power converter between the PV module and the load. This power converter operates at a different duty cycle (D) in order to match the output and input impedance [l] . For the PV module, it is necessary that the operation point of the power converter is set at the maximum power point (MPP) to harvest the maximum power for the (PV) Module [2] as shown in Fig. [. The solar insulation on the PV module could be affected by the clouds, planes and birds that are passing over the PV module. It could also be affected by the buildings and trees around PV module as well as the solar radiation angle. Thus, power generated from the PV module will change as it is shown in Fig. 2 . As a result, a DC-DC power converter needs to be connected with a controller to sense the input/output voltage and current in order to generate the 978-1-5090-6751-0117/$3l.00 ©2017 IEEE proper pulse width modulating (PWM) with different duty cycle to match the input and output impedances [3] . In the last decades, a lot of maximum power point algorithms (MPPT) have been proposed such as fraction open circuit voltage (FOC), fraction short circuit current (FSC), incremental conduction (InC) and perturb and observe (P&O) [4] [5] [6] [7] . However, each algorithm has its pros and cons, such as the accuracy and required time of detecting the MPP. For example, FOC and FSC depend on measuring the open circuit voltage and short circuit current respectively. Thus, it is required to disconnect the PV module or the load every time that the radiation is changed so there are frequent and long power outages from the load perspective if the radiation changes rapidly. For P&O and InC, the PY voltage oscillates around the maximum power point. There is also a need to use digital control as memory function is required so the cost of the system will be increased.
[n this paper, a simple and cost effective MPPT analog algorithm is proposed for stand-alone system. The algorithm is voltage-based, and it depends on the characteristics of the PV module. The paper is organized as follows: [n Section II, the proposed analog maximum power point algorithm will be examined. In Section III, the system setup will be discussed. The results are explained and shown in Sections IV, followed by the conclusion in Section V. 
where kl is a proportional constant, and it has a value between 0.71 and 0.78 depending on the characteristics of the PV module. However, in the proposed algorithm there is no need to disconnect the PV module to measure (Voc), so the close loop voltage feed forward can be used. As a result, the drawbacks of fractional open circuit voltage are solved.
As it is shown in Fig. 3 , the maximum power points of PV module under different solar radiation are located on one line. Note that this line has a small slope. The idea of the proposed algorithm is to operate the power converter along with this line by using variable reference voltage. This reference voltage will be changed according to the solar radiation by using the bipolar junction transistor (BJT) that works on the active region on the feedforward loop. B. BJT Transistor The bipolar junction transistor (BJT) transistor shown in Fig. 4 has four regions of operation which are cutoff, saturation, active and breakdown region. [n the active region the collector current will change depending on the change of the base current [9] . BY apply Kirchhoffs voltage low (KVL) on the output close loop, its equation could be derived as below:
By solving above equation the load line and the characteristics curve of the BJT could be drown as it shown in Fig. 5 . As a result, if the base current equals [BI the operation point will be at point A and the V CE will have a certain value. On the other hand, if the base current increases to become [B2, the operation point will move to point B and V CE will decrease and so on. [n this case, when the base current of BJT can relate to the PV current, then it is possible to generate a variable reference voltage that matches the desired slope of voltage points for MPPT. Fig. 6 shows PWM signal that is used in the proposed algorithm. Firstly, PWM signal needs to be generated from a function generator, so this signal will have a constant frequency, amplitude and duty cycle which are 10 KHz, 2V, 60% respectively. At the same time, two signals need to be compared using voltage comparator. One of the signals is the desired signal (reference signal which is taken from the BJT collector terminal) and the other is the controlled signal (input sensed voltage). The output of the voltage comparator is either high "I" if the controlled signal is greater than the desired signal or low "0" when the controlled signal is less than the desired signal . Thus, the output of the voltage comparator will determine the new duty cycle of the PWM signal. Finally, the AND gate is used to match the output of the voltage comparator and PWM signal generated from the function generator. As a result, the output signal from the AND gate will be a PWM signal with a different duty cycle depending on the value of the desired signal and the controlled signal. Note that in effect, it is somewhat similar to burst mode control technique.
C. PWM signal gernating in analog control

III. EXPERIMENTAL SETUP
Figs. 7 and 8 show a block diagram of the implemented system and the schematic diagram respectively. The main competent for the proposed circuit are DC-DC boost converter, BJT, voltage comparator, PWM signal generator and AND gate.
The feedback loop consists of a BJT transistor, a voltage comparator and a logic AND gate. The BJT transistor is to implement a variable reference voltage. The base terminal is connected to the output terminal of the boost converter, and the collector terminal is connected with a voltage source which is equal the voltage at the maximum power (V mpp) while the emitter is grounded. As a result, the reference collector voltage will change depending on the changes in the base voltage. Thus, any changes in the radiation will lead to a change in the reference voltage without a need to use a digital control and a PID controller.
The function of the voltage comparator is to compare the input and the output voltage. If the PV operation voltage less than the reference voltage the output voltage of the voltage comparator will be high "1" otherwise it will be low "0". The output of the comparator will be the input of the AND gate. The AND gate used to control the duty cycle of the PWM signal and it has two terminals, the first one from the voltage comparator and the second from the function generator that generates PWM signal in constant frequency and duty cycle. Note that the maximum duty cycle is set by duty cycle generator so deadtime of duty cycle can be adjusted and 100% duty cycle can be avoided. By conducting and dis-conducting the AND gate, the PWM signal will be reshaped to the proper PWM signal with a different duty cycle.
The output terminal of the AND gate connect to the gate of the MOSFET switch of boost converter. Because the duty cycle is changed the boost converter will match the input and output impedance and the maximum power point will be tracking A 20W photovoltaic panel was used, and the experiment was contacted in the laboratory where the PV module was not being exposed to lighting from the outdoor, so one 500W halogen lamp and two 30W led lamp were used to simulate different solar radiation levels. The first stage in the experiment was to get the I-V and P-V curves of the PV panel at different solar radiation levels, so the PV panel was connected with variable resistive bank. Its value varies between 0 to 250 ohms. Thus, the PV panel voltage and current were recorded.
The second stage was to verify the proposed circuit, so the proposed circuit was built and tested at different solar radiations as shown in Fig. 9 . The halogen lamp (500 watt) was used to act as a full solar radiation while two LED lamp (30 watt each) was used to act as if it was cloudy weather. The distance between the PV module and the lamp was continually changed to get different solar insulation in both case. All parameters for experiment are listed in Table I . PV panel characteristic I-V and P-V curves are shown in Figs. 10 and 11 respectively. These curves are generated by connecting the PV panel to a variable resistor load under different solar radiation (radiation from Halogen and LED lamp). Voltage and current were measured for each resistive and radiation value.
The reference voltage at the maximum power point was found to be 17.9V which is close to the voltage at the maximum power point (VMPP) that is given in the PV panel datasheet which is equallSV. However, when less radiation occurred such as the radiation from the LED, the reference voltage is found to be 14.1 V which is less than the Vmpp. Thus, this is the drawback of using the constant voltage control.
However, in the proposed algorithm this difference in the reference voltage was considered by using simple and cost effective feedback circuit. The main component of this feedback loop is BJT transistor. As a result, the reference voltage will change according the change in the solar radiation. This change can lead to true maximum power point if the characteristic of the BJT was seated probably. The PV panel voltage and the output voltage for the proposed algorithm is shown in Fig.12 .
The experiment result shows improvement in the time the needed to track MPP. It is required 150ms to track the maximum power and that will reduce the power loss during MPP tracking.
As this method is designed according the characteristic of the PV module, it is recommended to use this method with each PV module in the system to avoid the effect of the partial shading If it is required to use more than one PV module, However, this circuit could be added to each PV module as it is cost effective. V.
CONCLUTION
This paper presents an improved analog maximum power point tracking algorithm for PV system. The proposed circuit is based on simple voltage feedforward control. Tn addition, it takes the advantage of BJT transistor where the collector current is used to mimic a voltage slope which connects the maximum power voltage points for more accurate tracking.
